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Abstract 
Hazardous and toxic materials are not only produced by industrial sectors. But also by household sector. Unfortunately, no 
establish regulation and standard operational procedure was found for handling HHW. Most of HHW are currently mixed with 
domestics waste. So that, it can impact on the health and the reduction environment quality. The research aimed to produce the 
most effective and efficient model of household hazardous waste by considering the impact on the environment especially related 
to global warming and the indicator of greenhouse gas emissions. This research used Life Cycle Assessment (LCA) approach 
according to ISO 14040 : 2006 by using 150 kg of household hazardous waste. The impact category (LCIA) was observed and 
limited on global warming with the indicator of greenhouse gas (GHG) emission. The LCIA method used was IPCC 2007 GWP 
100a V1.01 by using Simapro program version 7.1. The result show, recycling HHW is the best scenario based on the LCA 
approach. The impact of greenhouse gases emissions is only about 135,25 kg CO₂ eq release to environment. 
 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of scientific committee of the ICTCRED 2014. 
Keywords: Household Hazardous Waste (HHW), Greenhouse Gas (GHG) Emissions, Global Warming, Life Cycle Assessment 
(LCA), ISO 14040 : 2006. 
 
 
 
* Corresponding author. Tel.: +62-81225942041 ; fax : +62-248453635 
E-mail address:  elandafikri@alumni.undip.ac.id 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of scientific committee of the ICTCRED 2014
124   Elanda Fikri et al. /  Procedia Environmental Sciences  23 ( 2015 )  123 – 129 
1. Introduction 
The escalation of society needs will increase the waste produced. It is included on household hazardous waste 
(HHW). Nowadays, the industrial sector is considered as the hazardous and toxic material resource. In fact, the 
household activities also produce household hazardous waste. Waste disposal in the society settlement is not much. 
Due to huge population and there is no special treatment, it will seriously cause danger for the environment and 
human health. 
Generally, the people in the city mix all components of household waste, included household hazardous waste. 
Of course, it is contradicted with the Constitution of  Indonesia No. 18 year 2008 article 22 verse 1 about waste 
processing, which says that “The sorting of waste grouping and separation is in accordance with the type, the 
amount and/ or the characteristic of the waste”. Although the existence household hazardous waste in the waste 
appearance from city people is relatively small, or around 0.3-0.5 % in the household, but it needs to be sought 
comprehensive treatment [1]. 
Many people do not know that household activities can produce dangerous waste and endanger health and 
surrounding environment. Many household products contain of  the same chemical materials with industrial waste 
and can cause environment pollution [2]. In Indonesia, the efforts to process hazardous waste also focus on 
industrial hazardous waste processing. Domestic and settlement hazardous waste do not get enough attention. In the 
Government Regulation No. 18 Jo 85 Year 1999, Chapter III, article 9 verse VI about hazardous and toxic 
household waste processing, mentioned that (“The terms of the processing of household hazardous waste which are 
resulted by households small-scale activities will be determined later by the responsible agency”). It shows that 
there have been no continuing efforts which are done to process household hazardous waste. 
Semarang city is a metropolitan city where the population increases each year. The rate of growth of population 
in Semarang City is 1.11% per year in 2011. The impact of population growth is that consuming products 
categorized household hazardous waste increases. This is related to life style and the public convenient in using 
products categorized household hazardous waste so they will impact on the dependence towards using products 
categorized household hazardous waste. 
Although the existence household hazardous waste in the waste appearance from city people is relatively small, 
by more increasing population growth, it will cause not only much waste produced but also household hazardous 
waste. Besides that, Semarang City still uses controlled landfill system, where the waste or garbage is only 
backfilled and at any time it will be backfilled by soil. This system will create accumulation from the hazardous and 
toxic materials in the landfills. The accumulation of the waste will cause negative impacts such as soil pollution and 
ground water pollution around the landfill. The danger posed is that the products categorized household hazardous 
waste comes into ground water such as deep well, surface water such as shallow well and rivers or direct contact to 
human beings or other living things. 
The impact of household hazardous waste is the exposure of health and the reduction of environment quality. 
From the health point of view stated that one of household hazardous waste characteristics is toxic. The toxic can 
come into food chain and it will be accumulated on human and be able to cause some gene mutation, cancer and 
congenital[3]. From the environment reduction point of view, it causes surface water and ground water quality 
reduction around landfills. The sample shows result containing Pb, Ni, Cd and also the increase of physic parameter 
concentration and chemical such as pH, turbidity, conductivity and phosphate [4-5]. 
Other researches, which are done to see the impact batteries disposal from household on landfill, in Italy [6], in 
Thailand [7], in Iran [8], and in Florida [9]. From the researches, it can be seen that there is a serious problem 
correlation between batteries disposal on the landfill with the environment damage and health impact. it is caused by 
the batteries which were thrown on the landfill contribute to the reduction of leachete quality which contain a big 
amount of metals, for example mercury (Hg), cadmium (Cd), mangan (Mn) and zinc (Zn). 
Considering the potential of the impact of household hazardous waste to the health and the reduction of 
environment quality, the effort of household hazardous waste management must have been started well. It is based 
on the model of waste management in big cities in Indonesia which is most of them uses an old paradigm collect-
transport-throw away (centralization) and prioritizing downstream sector. Another thing that should be highlighted 
is the weakness of control mechanism on the household hazardous waste management from the city government as 
the controller. In addition, there is no fixed operational formula, so the household hazardous waste management 
system in society is individually interpreted as their habits. 
It can be concluded that there is no fixed operational formula about household hazardous waste management. In 
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addition, the impact potential on health and the reduction of the environment quality is being the background of the 
research. So that, an approach a strategy to manage the household hazardous waste is needed. The approach used is 
Life Cycle Approach (LCA). LCA is a systematic approach to identify, measure and assess environment impact 
from entire evaluated life cycle process. LCA approach can be applied on planning waste processing system, 
including household hazardous waste. The using of LCA approach gives advantages to create the most effective 
strategy (scenario) in processing household hazardous waste by considering environment impact especially related 
to the global warming with the indicator of greenhouse gas emissions (GHG). 
2. Methods  
The calculation of the number of samples was calculated based on the Slovin formula [10-12], and resulted the 
minimum sample size of Semarang was 400 families, consisting of 109 families for the District of Pedurungan 
(upper economic strata), 129 households for the District of West Semarang (middle economic strata), 77 families for 
the District of North Semarang (lower economic strata), and 85 families for the District of Banyumanik (topography 
of the plateau region). 
Calculation of generation household hazardous waste refers to the SNI 19-3694-1994 and sampling was 
conducted for 8 consecutive days per district. While the identification of the characteristics or composition HHW 
based attachment SNI 19-2454-2002. 
Design research used a systems approach to the methods of Life Cycle Assessment (LCA) according to ISO 
14040: 2006. The approach used to formulate a model system/household hazardous waste management (HHWM) 
scenarios associated with the GWP impact of greenhouse gas emissions indicator. Impact assessment using the 
IPCC 2007 GWP 100a V1.01. The unit functions in this study was 150 kg of HHW with system constraints in 
industrial plastic recycling, metal recycling (cans), HHW processing industry as well as the process of combustion 
the incinerator which is divided into six alternative modeling scenarios.  
In addition to the calculations have been described, also conducted an analysis of differences HHW generation 
by economic strata with Analysis of Variance (ANOVA) with (α = 0.05), while based on the topography of the area 
with t-test and Mann-Whitney with (α = 0.05). 
The implementation flow of the research is divided into 4 scopes, they are : 
 
Figure. 1. Flow of The Research 
3. Results and Discussion 
Based on 6 scenarios that have been created and analyzed using the IPCC 2007 GWP 100a V1.01, IPCC 2006 
(for incinerator emissions) and TDEP's Guidlines, the results indicate that the sequence of scenarios that 
demonstrate the impact of the largest to the smallest GWP is as follows: scenario 3, scenario 5, scenario 1, scenario 
2, scenario 6, scenario 4 and the latter scenario 2 with separation in integtarated waste processing facility unit. That 
is the highest GWP impact in Scenario 3, and the lowest GWP in scenario 2 with HHW separation in in integtarated 
waste processing facility unit.  
In the third scenario which is the scenario with the highest GWP contribution consisted of the metal recycling 
(cans) and the combustion process in the incinerator for category HHW types of plastic and biological infection in 
HHW processing industry. In this third scenario donate GWP impact form of 182,493 kg CO2 eq. Analysis of the 
contribution in scenario 3 states that the waste management process in the HHW processing industry contributes the 
highest compared with HHW management in the metal recycling industry (cans). The contribution of the metal 
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recycling industry (can) amounted to only 5,677 kg CO2 eq (3,1%), while the contribution of HHW processing 
industry amounted to 137,161 kg CO2 eq (75.16%), with the contribution of each: transport to the processing 
industry : 37,5 kg CO2 eq (20,55%), metal processing 5,677 kg CO2 eq (3,1%), and the processing of plastics 
category HHW with 11,65 kg CO2 eq (6,39%). This means that the process of transporting to the HHW processing 
industry has contributed greatly to relesase CO2 in the environment affected by the amount of energy used in the use 
of energy from fossil fuels. Meanwhile, when seen from the second scenario with HHW segregation at integtarated 
waste processing facility unit donated in the form of environmental impact is much lower GWP than the scenario 3. 
In scenario 2 with the segregation unit as well as integtarated waste processing facility unit process HHW aimed at 
recycling system for category HHW plastic and metal (can) and the combustion process in the incinerator for 
category HHW biological infection. At the sewage treatment process HHW in scenario 2 only donate GWP impact 
of 135,25 kg CO2 eq or much lower than the scenario 3 with the difference 47,247 kg CO2 eq. Analysis of the 
contribution in scenario 2 with the segregation in integtarated waste processing facility unit showed that the sewage 
treatment process HHW kinds of plastic and metal (can) in the recycling industry contributes only 3,119 kg CO2 eq 
(2,3%) and 2,984 kg CO2 eq (2,2% ) per unit function. So that when seen where that becomes the best scenario in 
HHW management caused by the impact of GWP is scenario 2 with sorting HHW on integtarated waste processing 
facility unit. 
 
 
Figure 2. Comparison of the best in the modeling scenarios 
 
The results showed that the sewage treatment process HHW in the recycling industry environmental impacts in 
the form of lower GWP compared with only a single form of combustion process in the incinerator and processing 
in HHW treatment industry. The results of this study also indicate that the processing of the incinerator donate a 
significant impact on the release of CO2. It is known that, on average release of CO2 in the combustion process in 
the incinerator at 66-75% per unit function. 
One of the advantages of using the method of LCA in this HHW management is able to analyze the contribution 
of impact per unit of material or process. So it is true that in the process of HHW processing industry is likely to 
have environmental impacts in the form of higher GWP than just a single process in the form of combustion 
(burning) in the incinerator or recycling. This can be compared between 6 scenarios and scenario 1, 3, and 5. In 
scenario 6 shows a lower impact than the other scenarios as the comparison. When in fact it is not, because in 
scenario 1, 3 and 5 the majority of its HHW waste processed in the HHW processing industry. And we know that 
the city of Semarang do not have the facilities HHW processing industry, so the scenario is done by the transport to 
the nearest HHW processing industry in Semarang. One is in Tegal (Central Java) that has mileage of up to 
164,85Km from the city of Semarang. Considerable mileage requires material / fuel which has implications on the 
GWP in the environment. Average GWP impact caused the transport process towards HHW processing industry 
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amounted to 38,67 kg CO2 eq. This value is obtained based on mileage, vehicle type, and fuel used. So that it is 
clear that there is a correlation between the needs of the fuel, mileage and vehicle type with GWP impact caused. 
This is where the strength of this study were able to describe the phenomenon scientifically. Many institutions or 
researchers who provide a statement that the waste management with incinerator emissions high enough to 
contribute to the environment. Indeed, the statement is true, when viewed from one side only is burning 
(combustion), but many researchers who do not see that the actual process / waste management is to have side 
effects are quite large. This impact can be seen from the phase before the process or when processing that contribute 
to the life cycle of its units. This is where the advantages of using the Life Cycle Assessment (LCA) which is able to 
assess the overall environmental impact or "from cradle to grave". That is not only limited to the final output is 
generated, but the input of materials (raw materials) and process are also included in the environmental impact 
assessment. 
Recycling is a very important activity in the waste management practices. Recycling will be returned to the 
original raw material for selected markets into products that can be reused. Many of the benefits of recycling. At 
least protect natural resources and reduce environmental impacts. Recycling can help strengthen the capacity of the 
landfill. This activity can also reduce groundwater pollution [13]. 
The results of this study (Table 1) corroborated the results of previous studies that also showed the same thing 
regarding the benefits of recycling. The results showed that recycling can achieve significant energy savings, 
including reducing greenhouse gas emissions. This was confirmed by research conducted  in Sweden [14],  in Taipei 
(Taiwan) [15], in Phuket (Thailand) [16], in Lahore (Pakistan) [17], and  in Ribeirao Pires (Brazil) [18]. Not only 
that, recycling also lowers the economic costs [19], and may contribute to the preservation of natural resources [17]. 
Results of research on scenario 2 are then compared with similar studies previously undertaken. For example, for 
HHW management system with a recycling system for HHW characteristics of plastic and metal types contribute to 
the GWP impact of 6,103 kg CO2 eq with raw material / material used was 18,74 kg. Furthermore, the material is 
converted into 1 ton of recycled materials and produce GWP impact of 325,67 kg CO2 eq. This value is lower GWP 
impact when compared with the research conducted in Taipei (Taiwan) [15] to the closed-loop system that produces 
effects 24.440,74 kg CO2 eq to 35.318 tons of domestic waste (conversion of 1 ton = 692,02 kg CO2 eq). The same 
thing based of the results of research conducted in Phuket (Thailand) [16], which contribute to the impact of GWP 
of 99 kg to 300 kg CO2 eq recycled materials (conversion of 1 ton = 330 kg CO2 eq) . In research conducted 
separation process waste from households with a percentage of recycled material in 30%. 
Results of research conducted in Shanghai (China) [20] also showed no difference. In the research results still 
show the contribution of higher GWP impact when compared to this study, which is equal to 151 kg CO2 eq taken 
based on the percentage of 19,98% recycled material with conversion GWP impact of 392,462 kg CO2 eq to 1 ton of 
recycled waste material. 
 
Table 1. Comparative effects of GWP by HHWM system with recycling and incineration 
City Recycling FU GWP Per ton HHW 
Semarang, Indonesia (This study) 18,74 kg 6,10 kg CO₂ eq 325,67 kg CO₂ eq 
Phuket, Thailand [16] 300 kg 99 kg CO₂ eq 330 kg CO₂ eq 
Pudong, China [20] 199,8 kg 78,41 kg CO₂ eq 392,46 kg CO₂ eq 
Kota Taipei, Taiwan [15] 35.318 ton 24.470,74 kg CO₂ eq 692,02 kg CO₂ eq 
Incinerator 
Roma, Italia [21] 1.460 kg 224 kg CO₂ eq 153,42 kg CO₂ eq 
Pudong, China [20] 1 ton 229,41 kg CO₂ eq 229,41 kg CO₂ eq 
Phuket, Thailand [16] 700 kg 180 kg CO₂ eq 257,14 kg CO₂ eq 
Sao Paulo, Brazil [22] 1 ton 571 kg CO₂ eq 571 kg CO₂ eq 1 ton + R 620 kg CO₂ eq 620 kg CO₂ eq 
Semarang, Indonesia (This study) 131,26 kg 101,08 kg CO₂ eq 770,07 kg CO₂ eq 
Eskisehir, Turkey [23] 1 ton 1.510 kg CO₂ eq 1.510 kg CO₂ eq 
R = Recycling 
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Results of analysis of the impact of the use of incinerator is not much larger than the landfill [22]. Emissions 
from the incinerator is considered small or approximately 40x106 tonnes CO2 eq per year (less than one tenth of the 
emissions in landfills) [24]. 
GWP impact arising from the HHW management process for category biological infection by incineration is 
101,08 kg CO2 eq with 131,26 kg HHW functional unit (conversion of 1 ton = 770,07 kg CO2 eq). From these 
results are then compared with similar studies previously undertaken. Research conducted in Rhoma (Italy) [21], 
shows the impact of a much lower GWP compared to this study, the amount of 224 kg CO2 eq to manage waste 
1,460 kg (conversion of 1 ton = 153,42 kg of CO2 eq). Another study conducted  in Phuket (Thailand) [16] also 
showed similar results. Impact of lower GWP generated from this research that is equal to 180 kg CO2 eq to manage 
waste by 700 kg (conversion of 1 ton = 257,14 kg CO2 eq). Research conducted in Shanghai (China) [20] also 
showed similar results to the research conducted in Thailand [16] and  Rome (Italy) [21], on his research resulted 
GWP impact of 229,414 kg CO2 eq to 1 ton of garbage function units managed. Further research conducted in Sao 
Paulo (Brazil) [22] also showed the same result, namely generating GWP impact of 571 kg CO2 eq to 1 ton of 
garbage managed. 
Furthermore, when compared with the research conducted in Eskisehir (Turkey) [23] shows the impact of 
higher GWP compared to this study in the use of incinerator. In his research shows the impact of GWP of 1,510 kg 
CO2 eq based unit function 1 ton of HHW managed. Differences GWP impact of each study were compared, based 
on due to differences in calculation methods using GWP and inventory data used in the study(Table 2). 
 
Table 2. Sensitivity Analysis based on the largest environmental impact 
Process / 
Contributions 
Impact 
Recommendation GWP 
(initial) 
GWP after 
change 
scenarios 
The 
percentage 
decrease in 
impact 
The percentage 
decrease in the 
direct impact 
(kg CO΍ eq) (kg CO΍ eq) (%) (%) 
The use of 
electrical energy 
derived from coal 
Replace the electrical energy that are 
more environmentally friendly 
    
- Electrical energy from nuclear power 60,14 33,31 45% 19,84% 
- Electrical energy from hydropower 60,14 34,68 42% 18,82% 
- Electrical energy from the fuel gas 60,14 53,32 11% 5,04% 
HHW 
transportation  
HHW treatment process is integrated in 
one area  
60,14 55,43 8% 3,48% 
The use of plastic 
materials 
Scenario modeling directed to the 
separation in the dump site so that 
unneeded plastic material PE (LDPE) in 
the household 
77,05 60,14 22% 11,59% 
  
4. Conclusion 
Scenario 2 with recycling HHW is the best scenario in Household Hazardous Waste Management (HHWM) 
based on the LCA approach. The impact of greenhouse gases emissions is only about 135,25 kg CO₂ eq release to 
environment. Sensitivity analysis can replace the electrical energy that are more environmentally friendly, 
alternative policy options is using electrical energy from the fuel gas. This strategy allows it to be applied in 
Indonesia and saving the GWP of 6,82 kg CO2 eq or about 5,04%. 
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